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Editorial
Distribution of Purkinje Cells in Hearts
of Human and Various Animals
Purkinje described the network of large, vacuolated cells colored pale in stained tissues
(named Purkinje cells after him) in the heart muscle of sheep in 1845.1) Later, Tawara
started his anatomical study from the observation of Purkinje cells in sheep and developed it
to the recognition of the whole conduction system of the heart in 19062). Moreover he
combined his own examination and previous studies on the Purkinje cells and came to the
conclusion that the Purkinje cells form ﬁbers in the subendocardial layer of the ventricular
myocardium as the terminal ramiﬁcations of the bundle branches, connecting to the
ordinary myocardium in human and mammalian hearts.2)
It is now known that birds have intramyocardial and periarterial Purkinje cells which
form atrial and ventricular spreading Purkinje networks in addition to the subendocardial
network. Also, Mikawa and his colleagues clearly showed the induction and patterning of
the Purkinje networks from the ordinary myocardial cells of a chick embryo. Development
of periarterial Purkinje cells was induced by vascular endothelin I. Thus they distinguished
two kinds of Purkinje networks in the chick heart, one was subendocardial Purkinje ﬁber
and the other was periarterial Purkinje ﬁber.3) In ungulates’ hearts, existence of
intramyocardial Purkinje ﬁbers (IMPj) in addition to the ordinary subendocardial Purkinje
ﬁbers (SEPj) is an established fact.
These ﬁndings made me wonder if intramyocardial and/or periarterial Purkinje cells,
which are absent in humans and dogs throughout my pathological examination of numerous
human hearts4) and about 30 dogs’, exist in other mammals. So I lately have worked on
hearts of 10 species: human, dog, ungulate (sheep, goat, bovine, pig and horse), dolphin,
whale and ostrich (as an example of a bird) in order to compare the distribution of Purkinje
cells among species. The following is the essence of our results using serial sections with
Lev’s method as previously reported.4)
The left bundle branch (LB) and Purkinje cells (Pj) in a human (Figure 1A), and the right
bundle branch (RB) and Purkinje cells (Pj) of a dog (Figure 1B) are shown. Purkinje ﬁbers of
human and dog exclusively run in the subendocardial layers and are called subendocardial
Purkinje ﬁbers (SEPj).
In four kinds of even-toed ungulates—sheep, goat, bovine and pig—we recognized both
subendocardial Purkinje cells (SEPj) and intramyocardial Purkinje cells (IMPj) as shown in
Figures 2A and 2B. And in an odd-toed ungulate, horse, we found three types. Besides SEPj
and IMPj (Figure 3A), a remarkable amount of periarterial Purkinje cells (CAPj) are shown
in Figure 3B. In dolphin and whale, both SEPj and IMPj were seen. In whale, a few CAPj
were also observed.
The heart of an ostrich had three types of Purkinje cells: SEPj, IMPj and plenty of CAPj
in the ventricular myocardium (Figures 4A, B, C). Moreover, SEPj and CAPj were observed
even in the right atrium of ostrich (Figure 4D).
In conclusion, the intramyocardial Purkinje cells were recognized in 8 species out of 10,
but not in human and dog hearts, while the ordinary subendocardial Purkinje cells existed
in all hearts examined. Further, the periarterial Purkinje cells were observed not only in
ostrich, a bird, but also in the hearts of horse and whale. These facts basically accord with
conventional knowledge about animal hearts5) and emphasize the diversity of Purkinje
networks among species.
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By the way, I also expected to ﬁnd a morphological base for ‘‘M cell’’ through these
investigations, but could not ﬁnd anything possibly equivalent to M cells in the middle layer
of the myocardium including the deep subepicardium. Throughout my pathological
examination on hearts of humans and dogs, I have never noticed such a peculiar structure.
The concept of M cell, proposed by Antzelevitch et al in 19916) to explain prolonged action
potential duration has been useful for the electrophysiology of the heart. But I rather agree
with Zipes et al7) to recommend the term ‘‘M-cell zone’’ or ‘‘M-cell phenomenon’’ to
indicate that there is no particular cell responsible for the phenomena under discussion.
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Figure 1 Human and canine specimens
A: the branching portion of the bundle of His (HISb), left
bundle (LB) and Purkinje cells (Pj) in human, B: the right
bundle branch (RB) and Purkinje cells (Pj) in dog
Figure 2 Goat specimens
A: subendocardial Purkinje (SEPj), B: intramyocardial
Purkinje (IMPj)
End: endocardium, M: ordinary myocardium of the left
ventricle
Figure 3 Horse specimens
A: subendocardial Purkinje (SEPj) and intramyocardial
Purkinje (IMPj)
LV: left ventricle
B: periarterial Purkinje (CAPj) in the left ventricular myocar-
dium (LV)
CA: coronary artery
Figure 4 Ostrich specimens
A: subendocardial Purkinje (SEPj) in the left ventricular
myocardium (LV), B: intramyocardial Purkinje (IMPj) in the
left ventricular myocardium (LV), C: periarterial Purkinje
(CAPj) in the left ventricular myocardium (LV)
CA: coronary artery
D: subendocardial Purkinje (SEPj) and periarterial Purkinje
(CAPj) found in the right atrium (RA)
CA: coronary artery
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